Rotavirus serotype G5 isolates were recently recovered from children with diarrhoea in Brazil. Like most human strains, they exhibited long electropherotypes and subgroup II and Wa-like VP4 specificity. We report the successful propagation and the molecular and antigenic characterization of one of these isolates (IAL-28). Cross-neutralization of IAL-28 and a single gene reassortant, UKiIAL-28, which contains the gene encoding the IAL-28 VP7 in the UK genomic background, with prototype
Introduction
Group A rotaviruses are the leading agents of acute gastroenteritis, causing dehydrating diarrhoea in children and in many species of young animals (Kapikian & Chanock, 1996) . Rotaviruses contain two outer capsid proteins, VP7 and VP4, which independently elicit neutralizing antibodies and specify the virus G and P serotypes, respectively. Rotavirus serotypes have been established on the basis of a 20-fold or higher difference in reciprocal neutralization titres with hyperimmune homologous and heterologous antisera (Wyatt et al., 1982) . Of the 14 distinct rotavirus G (VP7 specificity) serotypes described to date, 10 have been associated with diarrhoeal disease in humans (Hoshino & Kapikian, 1994) . Serotypes G1, G2, G3 and G4 are well-established human pathogens for G1 to G14 rotaviruses demonstrated that IAL-28 has antigenic determinants specific for both G5 and G11 serotypes. Sequence analysis of the gene encoding VP7 suggested that one or two amino acid substitutions at positions 96 and 100 on IAL-28 VP7 were possibly responsible for the additional G11 specificity. G5 rotaviruses are found in horses and predominate in piglets, whereas G11 has been identified exclusively as a swine pathogen.
which vaccines are being developed (Kapikian & Chanock, 1996) . Serotypes G8, G9 and G12, although originally isolated from children, have rarely been associated with gastroenteritis. The other three serotypes, G5, G6 and G10, represent major pathogens of farm animals that were, until recently, thought to be restricted to cattle (G6 and G10) or pigs and horses (G5) (Gerna et al., 1992 ; Urasawa et al., 1992 ; Gouvea et al., 1994 a ; Palombo & Bishop, 1995) .
Human rotavirus G5 strains were first detected in faeces of children with severe diarrhoea in widespread regions of central, northeast and southeast Brazil over the last decade . These strains were originally identified as G5 by PCR-typing assays or by enzyme immunoassays with neutralizing monoclonal antibodies (MAbs). In addition, they were shown to carry the most common human VP4 genotype (Wa-like) and subgroup II specificity. In the present study, we report the isolation of one such strain, IAL-28, describe its molecular and antigenic characterization, and compare it to porcine and other mammalian and avian rotaviruses.
Methods
Virus propagation. Human rotaviruses with G5 specificity were isolated from stools of patients with diarrhoea during a survey conducted in Sa4 o Paulo, Brazil, from 1986 to 1992 M.-C. S. T. Timenetsky and others M.-C. S. T. Timenetsky and others et al., 1994 a) . One isolate, IAL-28, was passaged three times in primary African green monkey kidney (AGMK) cells (Bio-Whittaker) in roller tubes, twice in established monkey kidney cells (MA104) in the presence of 0n5 µg\ml trypsin (type IX ; Sigma), and subsequently plaque-purified three times (Wyatt et al., 1982 ; . Rotavirus strains Wa (G1P1A), DS-1 (G2P1B), P (G3P1A), ST3 (G4P2A), OSU and H1 (G5P9), UK (G6P7), NCDV (G6P6), Ch2 (G7P?), 69M (G8P4), WI61 (G9P1A), B223 (G10P8), YM (G11P9), L26 (G12P1B), L338 (G13P?) and FI23 (G14P?) were from the National Institutes of Health collection (Hoshino & Kapikian, 1994) .
Production of a UKiIAL-28 reassortant virus. Primary roller tube cultures of AGMK cells were co-infected at an m.o.i. of approximately 1 with human rotavirus strain IAL-28 and bovine rotavirus UK Compton strain. When cultures presented 75 % CPE, they were frozen and thawed once, and the lysate was plated on MA104 cells in the presence of VP7-specific serotype-cross-reactive neutralizing MAb 57\8 (Mackow et al., 1988) , which neutralizes G6 (UK) but not G5 strains. The desired reassortant UKiIAL-28, which contains 10 genes from bovine rotavirus UK and only the gene encoding VP7 from IAL-28, was selected by its distinct profile in PAGE, and was plaque-purified three times.
Production of hyperimmune antisera. Hyperimmune antisera were raised in specific pathogen-free guinea-pigs (National Cancer Institute, Frederick, Md, USA) which were free of rotavirus neutralizing antibodies (titre 1 : 20 vs G5 rotavirus strain OSU). IAL-28-and UKiIAL-28-infected cultures showing 75 % CPE were frozen and thawed once, centrifuged at 120 000 g for 2 h, and the pellet was resuspended in 50 mM Tris-HCl buffer (pH 7n4). The virus suspension was extracted twice with Genetron, layered onto a 40 % sucrose cushion, and spun for 2 h at 140 000 g. The pellet was resuspended in Tris-HCl buffer and used for a four-step immunization protocol : once with complete Freund's adjuvant, twice with incomplete Freund's adjuvant, and once without adjuvant. One week after the last immunization, serum was collected.
Neutralization assay. Antigenic characterization of strain IAL-28 and reassortant UKiIAL-28 was performed by a 60 % plaque reduction neutralization (PRN) test with G1 to G14 prototype strains and standard hyperimmune antisera (Wyatt et al., 1982) .
PAGE.
The dsRNA profiles of faecal, cell-adapted and reassortant viruses were analysed by electrophoresis in polyacrylamide gels which were silver-stained (Herring et al., 1982) .
Reverse transcription-PCR and PCR typing. Virus dsRNA was extracted from faecal suspensions and from infected cell cultures . The gene encoding VP7 was reverse-transcribed and amplified to full length by PCR using primers Beg9 and End9 (Gouvea et al., 1990) . The isolate was G-typed by a nested-PCR typing assay that uses a set of primers (set H) specific for G1 to G4 and G9 strains, and another set of primers (set A) specific for G5, G6, G8 and G10 strains (Gouvea et al., 1990 . A portion of the gene encoding VP4 was similarly amplified and analysed for P-type (Gentsch et al., 1992) .
Sequencing. The nucleotide sequence of the gene encoding VP7 of IAL-28 was determined from a PCR product purified with Ultrafree-MC filters (Millipore) by the dideoxynucleotide chain-termination method using the Sequenase version 2.0 kit (USB). The predicted VP7 amino acid sequence of IAL-28 was compared with the VP7 sequences of the G5 porcine strains OSU (accession no. X04613), A34 (L35059), A46 (L35054), C134 (L35058) and CC117 (L35056) (Ciarlet et al., 1995) and the G11 porcine strains YM (M23194) and A253 (L24163) (Ruiz et al., 1988 ; Ciarlet et al., 1994) using the DNASTAR software.
Results

Virus propagation and genotyping
Isolate IAL-28 produced extensive CPE on second passage in AGMK cells and subsequent passages in MA104. Its original electropherotype and G and P genotypes remained stable upon serial passages. Thus, IAL-28 was recognized by the G5-specific primer FT5 and the P1A-specific primer 1T1, producing amplicons of the correct sizes in the PCR typing assays for G and P, respectively. IAL-28 was not amplified by any other type-specific primers under the stringent annealing temperature of the test (Gouvea et al., 1994 b) (data not shown).
Neutralization assay
The results of the cross-neutralization assays between IAL-28, UKiIAL-28 reassortant and standard rotavirus strains representative of 14 G serotypes are shown in Table 1 . The guinea-pig hyperimmune antiserum to IAL-28 virus or UKiIAL-28 reassortant neutralized the homologous IAL-28 virus and the heterologous porcine OSU (G5P9), equine H-1 (G5P9) and porcine YM (G11P9) viruses to a similar degree. In reciprocal neutralization assays, antiserum to OSU or H-1 (G5P9) neutralized IAL-28 virus to an 8-fold lower titre than that of the homologous strain. Antiserum to YM (G11P9) neutralized IAL-28 to a 16-fold lower titre than that of the homologous strain. The IAL-28 virus was neutralized significantly (8-16-fold lower titre than with the homologous virus) by hyperimmune antiserum raised against Wa (G1P1A), 69M (G8P4), WI61 (G9P1A) or L338 (G13P?) ; however, this relationship was not observed when the UKiIAL-28 reassortant was employed in a PRN assay, suggesting that neutralization was mediated by VP4. These tests confirmed the VP4 and VP7 specificities (G5P1A) predicted by genotyping and revealed an unexpected cross-reactivity of IAL-28 with strain YM of serotype G11.
Strains OSU and H1 share VP4 specificity with YM as shown by the one-way cross-neutralization between these G5 strains and YM. The other G5 and G11 strains used for sequence comparisons are not available in the USA or in Brazil, precluding further serological comparison with IAL-28.
VP7 sequence analysis
The nucleotide sequence of the gene encoding VP7 of IAL-28 and its deduced amino acid sequence were determined and compared to the corresponding sequences of representative strains of the 14 G serotypes (Tables 2 and 3 ). As expected, strain IAL-28 showed the highest degree of identity ( 91n4 %) with the G5 strains. The degrees of similarity between IAL-28 and the G11 strains YM and A253 were high (89n3% and 89n6 %, respectively), although they were lower than the similarities between viruses of the distinct G5 and G11 serotypes : G5 strains C134 and CC117, for example, showed 89n9 % similarity with G11 strains YM and A253 (Table 3) .
BDHE
To examine the molecular basis of the serological results, the predicted amino acid sequences in the five (B-F) antigenic regions in VP7 of IAL-28 were aligned with the corresponding amino acid sequences of five G5 and two G11 porcine strains (Fig. 1) . When compared to strain OSU (G5), the VP7 of IAL-28 showed single and conserved substitutions in regions C and D and an identical region F. When its region E was compared to that of the VP7 sequences of the G5 strains C134 and CC117 from Argentina, IAL-28 showed a single amino acid difference at position 221 ; however, the same amino acid substitution was represented in the two G11 strains and therefore could not be implicated in G11 specificity. In region B, however, strain IAL-28 was shown to have the same amino acid residue (Asp) at positions 96 and 100 as the G11 strains, Table 3 . Per cent similarity among the VP7 proteins of human rotavirus IAL-28, porcine G5 strains OSU, A34, A46, C134 and CC117, and porcine G11 strains YM and A253 Strain IAL-28 OSU A34 A46 C134 CC117 YM A253 IAL-28  100n0  92n0  91n4  91n4  92n4  92n4  89n3  89n6  OSU  100n0  96n9  96n6  93n0  92n4  88n7  90n5  A34  100n0  96n6  91n4  91n4  87n8  88n7  A46  100n0  93n3  93n3  89n3  90n2  C134  100n0  98n2  90n2  90n2  CC117  100n0  90n2  89n9  YM  100n0  94n2  A253  100n0 whereas G5 strains revealed residues of a different nature in those positions : Thr or Asn in position 96 and Glu in position 100. The relationship among the VP7 sequences of the G5-G11 strain IAL-28, the G5 strains OSU, A34, A46, C134 and CC117, and the G11 strains YM and A253 is shown as a phylogenetic tree constructed using the Clustal method (Fig.  2) . The G5 strains and the G11 strains formed two distinct lineages branching from a common ancestor represented by IAL-28 in the evolutionary tree.
Discussion
Strain IAL-28 is one of the 38 rotaviruses with G5 specificity that were recently detected in stool specimens of Brazilian children with diarrhoea . Like the animal G5 strains OSU (porcine) and H1 (equine), and unlike conventional human strains, IAL-28 propagated well in culture, without the need for extensive adaptation. Growth in vitro has been associated with the rotavirus spike VP4 (Kapikian & Chanock, 1996) . However, IAL-28 shares the Wa-like VP4 specificity with most human strains but not with the animal strains, suggesting that other virus characteristics might be implicated in rotavirus cultivation.
Serological characterization of strain IAL-28 involved the production and selection of an appropriate reassortant in order to identify separately the contributions of VP7 and VP4 to neutralization. Reassortant UKiIAL-28, which combines the VP4 of the bovine strain UK (which differs from the VP4 of strain Wa) with the VP7 of IAL-28, was developed and used in cross-neutralization assays with the original IAL-28 strain and rotaviruses of all 14 G serotypes. Unexpectedly, the crossneutralization results demonstrated that the IAL-28 virus shows both G5 and G11 serotype reactivities.
Comparison of the VP7 sequences of rotaviruses of different serotypes has identified discrete regions that are divergent among distinct serotypes and are highly conserved within viruses of the same serotype (Green et al., 1987) . Five of BDHG Human G5-G11 rotavirus Human G5-G11 rotavirus Dyall-Smith et al., 1986 ; Gorziglia et al., 1990 ; of human IAL-28, porcine G5 strains OSU, A34, A46, C134 and CC117, and porcine G11 strains YM and A253. Fig. 2 . Phylogenetic analysis of the VP7 amino acid sequences of the human G5-G11 strain IAL-28 with the porcine G5 strains OSU (USA), A34 and A46 (Venezuela), and C134 and CC117 (Argentina), and the porcine G11 strains YM (Mexico) and A253 (Venezuela) using the Clustal method. The scale indicates the number of divergent amino acid residues.
these antigenic regions are present in the mature virus particle and are sites involved in virus neutralization (Dyall-Smith et al., 1986 ; Gorziglia et al., 1990 ; . Analysis of the predicted amino acid sequence of IAL-28 indicated that the presence of the amino acid residue Asp at position 96 and\or 100 within antigenic region B was probably responsible for its G11 specificity, since Asp is also present at these positions in the VP7 of G11 but not G5 strains. These positions have been shown to be critical for the conformation of the major antigenic site in VP7 and escape mutants frequently have altered amino acid residues at position 96 (Kobayashi et al., 1991 ; DyallSmith et al., 1986 ; Gorziglia et al., 1990 ; Ciarlet et al., 1996) .
Typing of rotaviruses has usually been performed by ELISA tests with neutralizing MAbs or, more recently, by PCR with type-specific primers. Because of the limited regions recognized by the specific reagents in those assays (an epitope on VP7 or part of a single hypervariable region on the gene encoding VP7), detection of a second specificity might be overlooked. Thus, a G11-specific MAb, 8D10, which maps to position 87 (Ciarlet et al., 1994) did not recognize strain IAL-28 (results not shown), probably because at this position IAL-28 has the amino acid residue Asn, which is common to all G5 but not G11 strains. Similarly, in the PCR typing test, the G11-specific primer BT11, which maps to region B, does not include the coding region for residues 96 or 100 and thus did not recognize IAL-28. A common neutralization epitope for IAL-28 and the serotype G11 viruses could also not be inferred solely from sequence data : it required cross-neutralization tests with hyperimmune antisera and appropriate reassortant virus to eliminate the VP4 contribution to neutralization. Because cross-neutralizations are time-consuming and labour-intensive tests, very few human strains have been fully characterized antigenically. The existence of dual VP7 specificity, however, is not a novelty : it has been previously demonstrated by Nagesha et al. (1990) for the porcine rotavirus MDR-13 (a G3-G5 strain) isolated in Australia. The phenomenon of dual (or multiple) serotypic specificities might be much more common than currently recognized and might play a role in the heterologous protection observed after both natural infection and vaccination (Kapikian & Chanock, 1996) .
Phylogenetic analysis of the VP7 proteins of five G5 and two G11 porcine strains suggests that animal G5 and G11 rotavirus strains might have evolved from a rotavirus strain (human or porcine) such as IAL-28. Alternatively, it is possible that a G5 virus such as porcine OSU could have infected humans and reassorted its VP7 with a common human G1P1 (Wa-like) rotavirus strain and then further mutated to produce a strain such as IAL-28. In fact, gene reassortment during natural rotavirus infections seems to be a major mechanism of rotavirus evolution (Gouvea & Brantly, 1995) , and one or two amino acid substitutions on a G5 VP7 may be sufficient for the aquisition of G11 reactivity. Reassortment has been observed particularly within strains of the same genogroup (Nakagomi & Nakagomi, 1993) . Wu et al. (1993) , studying the genetic relatedness of rotaviruses by RNA-RNA hybridization, have shown that several RNA segments of strains OSU, H1 and YM are related to the cognate segments of Wa and could possibly be classified into the same genogroup.
Rotaviruses with G5 specificity have caused a significant proportion of diarrhoeal cases among Brazilian children , accounting for 13n5 % of the cases in the state of Sa4 o Paulo in the past decade and a remarkable 30 % in 1992 . Eighteen additional G5 isolates have been propagated in MA104 cells, and studies are underway to examine whether they also possess dual G5-G11 specificities, in order to assess the epidemiological importance of IAL-28-like strains.
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